Objective: To investigate the clinical characteristics of miliary tuberculosis experienced in our tertiary hospital without a tuberculosis isolation room. Materials and Methods: We obtained a definite diagnosis of tuberculosis for 72 patients in our tertiary hospital between January 2010 and September 2016. There were six patients (8.3%) who were diagnosed with miliary tuberculosis following the isolation of Mycobacterium tuberculosis from several organs, and we analyzed the clinical findings. Results: The average age of the six patients with miliary tuberculosis was 74 years old (3 males and 3 females). All patients had underlying diseases and immunosuppressive treatment was performed for three patients. The detection methods were based on clinical symptoms such as high fever in all patients. Concerning the laboratory findings, three patients showed a negative or indeterminate response for interferon-gamma release assays (IGRAs). Bronchoscopic examinations were performed for five of six patients soon after admission and a definite diagnosis was obtained. Although treatment according to the American Thoracic Society (ATS) guidelines was performed for all patients, three of the six died due to complications or worsening of miliary tuberculosis. Conclusions: Patients with miliary tuberculosis experienced in a tertiary hospital were frequently detected among patients receiving immunosuppressive treatment for a long time. Because these patients showed a rapid progressive clinical course, it is thought to be important to perform bronchoscopic examination proactively for patients suspected of miliary tuberculosis on radiological findings to make an appropriate early diagnosis and start treatment.
Introduction
The incidence of tuberculosis (TB) has declined gradually from 35.4 per 100,000
How to cite this paper: Kobashi, Y., Kittaka, M., Mouri, K., Kato, S. and Oka, M. people in 1999 to 16.1 per 100,000 people in 2013 in Japan [1] . On the other hand, miliary TB occurs when Mycobacterium tuberculosis (MTB) is spread hematogenously, producing widespread lesions in a patient with reduced immune function. It has been defined that disseminated lesions, 1 to 3 mm in diameter, involve the lungs and extrapulmonary sites. Miliary TB is a virulent form of TB with a high mortality rate, especially in elderly patients with underlying diseases [2] . In our local tertiary hospital (Kurashiki city, Okayama prefecture, Japan), although TB has also recently declined, patients with miliary TB (the severe type of TB) have sometimes been encountered and showed poor outcomes in our hospital. Therefore, we investigated the incidence of miliary TB and the clinical characteristics of these patients.
Materials and Methods
Seventy-two patients were diagnosed as TB disease by the isolation of MTB from clinical specimens in Kawasaki Medical School Hospital between January 2010 and September 2016. Of these patients, 6 (8.3%) were diagnosed with miliary TB.
The diagnosis of miliary TB was defined as the presence of bilateral diffuse millet-sized nodules on chest radiography and/or chest computed tomography (CT) as observed by a pulmonary radiologist and the detection of MTB in several organs. We retrospectively investigated the backgrounds, laboratory findings, including interferon-γ release assays (IGRAs), radiological findings, length from first visit to diagnosis and outcome, respectively. This study protocol was approved by the Ethical Committee of Kawasaki Medical School.
Results
There were six patients with miliary TB (8.3%) among all TB patients in our hospital during the period of this study. The average age of the 6 miliary TB patients was 73 years old (3 males and 3 females). All patients had underlying diseases and three of six patients received immunosuppressive treatment for them.
All patients had systemic symptoms such as fever and were in poor condition.
Most patients, excluding case 6 who was complicated with acute respiratory distress syndrome (ARDS), were suspected of TB disease on admission. The length from admission to diagnosis was comparatively short (average: 6.7days) and all patients were diagnosed by the identification of MTB using a polymerase chain reaction (PCR) method from the bronchoscopic specimens or urine (5 cases), cerebrospinal fluid (2 cases), and blood (1 case), respectively ( Table 1 ).
The main laboratory findings of the patients with miliary TB showed lymphocytopenia, hypoproteinemia and hypoalbuminemia in most of them. A tuberculin skin test (TST) did not show a weak positive response in one of three patients in whom we could perform it. On the other hand, a QuantiFERON TB-Gold In-tube (QFT-IT) test showed a positive response in three patients, but was negative for one and indeterminate for two. A T-SPOT showed a positive response for three patients, but was negative for two and indeterminate for one on a TB immunological test (Table 2) . Concerning the radiological findings, five of the six patients showed typical findings such as millet-sized nodules in the bilateral diffuse lung field on chest CT. However, because only case 6 showed a diffuse bilateral hilar dominant infiltration shadow and ground-glass opacity on chest CT due to ARDS (Figure 1 ), it was difficult to obtain a correct diagnosis on admission. Regarding complications of miliary TB, ARDS was recognized in one patient and disseminated intravascular coagulation (DIC) in two patients. Although treatment according to the guideline of TB disease [3] was performed for all patients after the definite diagnosis, the prognosis was poor and three of the six patients died of miliary TB (Table 2 ).
Discussion
The frequency of miliary TB among all TB disease was reported to be 1% -2% in previous reports from Japan and it is severe among TB diseases [4] [5] . The number of miliary TB cases has been increasing recently, often appearing in female and elderly patients [6] . It was recently a higher percentage (8.3%) in our tertiary hospital without a TB isolation room. Although malignant disease, human immunodeficiency virus (HIV) infection, diabetes mellitus, renal failure, collagen disease and immunosuppressive treatment are known as risk factors, most of our patients with miliary TB were elderly (average age was 73 years old) and all patients had severe underlying diseases, including three patients receiving immunosuppressive treatments in our tertiary hospital, which many other patients with various underlying diseases visited.
In the clinical symptoms of patients with miliary TB, high fever (≥38˚C) was recognized in all patients and it was one detection method of miliary TB as in previous reports. Because miliary TB includes the differential diagnosis of febrile illness [7] , we have to check carefully formiliary TB.
Concerning the laboratory findings, lymphocytopenia in the peripheral blood, especially CD4-positive T lymphocytes and hyponutritional conditions such as hypoproteinemia or hypoalbuminemia, were recognized in most patients with miliary TB in this study. It was reported that these two findings were related to the severity of TB disease or the prognosis [8] [9] . The mechanism of lymphocytopenia in the peripheral blood is thought to be a deviation to the inflammation focuses [10] , linked to hyponutritional conditions [9] and the influence of treatment for underlying diseases such as autoimmune disorders. Another important finding, IGRAs (QFT-IT and/or T-SPOT) which was useful as a supportive diagnostic marker for TB disease, showed negative or indeterminate results in three of six patients. Because these IGRA responses appeared in patients with lymphocytopenia or hypoalbuminemia [11] , it was not thought to be useful for the differential diagnosis of miliary TB.
Regarding the radiological findings, although most patients showed typical millet-sized nodules in the bilateral lung field, only case 6 complicated with ARDS showed a diffuse hilar dominant infiltration shadow and ground-glass opacity on chest CT. However, because we usually pay careful attention to the diagnosis of pulmonary TB as the differential diagnosis of pneumonia, all patients get the correct diagnosis of miliary TB within one week. It was reported few patients present as smear-positive in the usual sputum acid-fast bacilli examination [4] [12] . Therefore, we also investigated using the acid-fast bacilli examination using bronchoscopic specimens, peripheral blood, urine, and cerebrospinal fluid as in previous reports.
The treatment according to the guideline of TB disease [3] was immediately started for all six patients after the diagnosis, but three of the six (50%) died due to complications such as ARDS and/or DIC and worsening of miliary TB. Although the mortality rate of patients with miliary TB has been reported to be high (≥20%) and the prognosis poor [13] [14] , it showed a higher percentage in our study. Most patients in our study did not have periodical radiological examinations for a long time during the follow-up period of underlying disease in other departments of our hospital, or at other local hospitals as outpatients.
Therefore, the delay in detection may be linked to the prognosis despite the short duration from admission to diagnosis. The complications of miliary TB consisted of DIC in two patients and ARDS in one patient. Nagai et al. also reported that 5.4% of miliary TB was complicated with ARDS and 12.2% was complicated with DIC and that these complications became poor prognosis factors [4] .
Although there are a few reports suggesting that the administration of corticosteroid drugs is effective for the treatment of ARDS complicated with miliary TB [15] [16] [17], they were not effective for case 6 in this study. Therefore, we have some doubts regarding the effectiveness of corticosteroid drugs administration for miliary TB.
There are some limitations in this study. Firstly, a small number of miliary TB patients were included in this study and they were geographically restricted to a small area in Japan with an intermediate TB population. We hope that a large scale nationwide study will be performed in Japan. Secondly, although HIV testing was not performed for all patients with TB disease, all patients with miliary TB showed negative responses for HIV and HIV infection was not related to the occurrence of miliary TB.
Conclusion
Because the prognosis of patients with miliary TB was poor and showed a rapidly progressive clinical course in this study, it is thought to be important to perform bronchoscopic examinations proactively in combination with other common hospitals or other departments in the same hospital for patients suspected of miliary TB to obtain an appropriate early diagnosis and start treatment.
